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'pvo related etraight propellera were aUo teated mer .t%pe 

operating  range as the swept prop-. The W E  were 
teated for comparison purpoees to evaluate the =its of t k  mqptback- 
blade deeign. A t  the deaign b l a d e - e e  t k  eVeprt prcip!Uer 
mairrtalned its low-speed level of effXciency b a dhms af 
helical t i p  Mach m e r  that wae &aut 6 perce& hlg&er t l h k  for 
the straight propellera. Results of the teats indicated, -, 
thst the range of aperation where the meepbk meg be for a 
propeller  deeign is very narrow. When the pmpellm w81 at 
the deeign condition, the pwer abeorbed the propdhr - 
only 50 percent of the des- power coemcle&, xtbemsm the Sght- 
blade propeller6 absorbed close ,to 100 perceat of tbe Z&r W c h  
they were designed. 

a 

Numerous iaveetigatiane of the effect13 of tmzqp cm ihe -c 
charscterietlcs of wings have shown that the cuset of effecte 
of conq?reseibillty can be by meep to a- free- 
st- Mach nuaibers. Since a propeller blade ie " a ~ ~ t ~ t i n g  . 

to delay the m e t  of compressibillty loeees of 43a.e pmpdler ta h l a e r  
t i p  speeds.  Ixrvesti&ion of the 'effect of eaeepizlg W Hm arP a pro- 

a? uing, the  incorporation of  veep in a pr0-pem-r be expected 

c p u r  (reference 1) indicated that the =e of meep in of a 
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propeller blade should give improved  performance a t  hi& prapeller  t ip 
speeb. Result8 of fligat  tests  (reference 2) and other wInd-tunnsl tes ts  
(reference 3) of a sweptback propeller did not show sny siepificaat delay 
In the  adverse  effects of compressibility on propeller  efficiency through 
the w e  of  sweep. The fact  that  these  tests did not show say significant 
gains for the swept propeller m y  have been due t o  insufficient amouats 
of eweep incorporsted In the  propeller design. In addition, in the  case 
of the wlnd-tunnel tests, the propelle-section speeds were not high 
enough t o  &ow the  beneficial  effects of sweep. 

I 

A8 a result of these preliminary tes ts  a eweptbackrprapeller program 
WBE inaugurated by the National Advisory Canrmittee for Aemnautics. One 
phase of the program included teste of two swept-propeller models and a 
comparable straight propeller in the Langley %foot hi&-speed tunnel. 
These twu swept propellers differed only in pitch  distribution and were 
designed t o  yleld the  highest  possible  efficiency at  the highest  poseible 
speed, as described in reference 4. The sweep of these  propellers was 
45' at the design r8diue station. The results of theae tes ts  are reported 
in references 5 and 6. The other pbae  of the U C A  program wae t e s t s  of 
a full-scale swept propeller and two related s t ra i@t propellers i n  the 
Langley 16-foot hi&-speed tunnel. Tbe full-scale  pmpeller differed 
from those  tested in the Langley %foot high-speed tunnel in that it was 
designed t o  operate at  moderste power and speeb. This papr presents 
the results of the  tests In the 16-foot high-speed tuMel and 8 brief 
descriptian of the  design of the  propeller blades. 

t 

CT elemental thrust  coefficient 

czd 
design s sc t im  lift coef'f'icient 

D propeller diameter, feet 

h blade-section msxlmum 'thickness,  feet 

J b a n c e   r a t i o  (v/~D) 
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i JO advance r a t i o  fo r  % = 0 

M air-stream Mach number 

n propeller  rotation speed, revolutions  per sec- 

P power, foot-pounds per second 

R propeller-tip radiue, feet 

r radiua t o  a blade element, feet 

T thruet, pouaas 

v velocity of advance, feet per second 

X fraction of propelleptip radius (r/R) 
I - B blade angle, degrees 

Bo. blade angle a t  0.7 t i p  radius, degrees 
i 

Y angle whose tangent I s  the ratio of drag t o  lie 

rl 

A sweep m e  . fo r  deeign condltiau  (see  reference 4), degrees 

P a i r  demsity, slugs per cubic  foot 

go. 7oR aerodynamic helix  angle a t   0 .7 . t ip  radlue, degrees 

Propeller Dynamameter and Survey Rake 

The tes ts  were made xith a 2000-horsepower propeller dymmometer in 
the Langley 16-foot  high-speed tunnel, A complete description of the 
dynamosleter is  contelned Fn reference 7. A photograPa of the dynsmormeter 
in the tunael t e s t  section  xith  the sweptback propeller  inetalled is 
shown SB figure 1. A total-pressure survey rake was inetslled behind - 



W pH.- dlstrllnrtlcm warn the ~ a m e  for the three propellers and 
was sudn -t t h  M line of each sectiau lay in a plane parallel t o  
the rem mec-Wm velocity corrected for the induced flow for the 
design mdmmce mtio, J = 2.0. induced f l a w  was calculated according 
t o  G o l d m k h R s  fbr straight prapellera. The three  propellens had 
a d . i s " m  M uim and l i f t .  coefficient so that they would have the 
Betz 1- iar d n i m m  induced energy 1088 *en operating at the d~~eiepn 
caadit8- t3me pmpellera were 10 feet in A.lnnu?ter a t  the design 
blade" r#&ung, md WE of eolidr~iluminum-dloy  conetmcticm (7623-1-61). 
Blade-- -c -e for the three propellers - presented in 
figure 2 & tt of the blades ie preeented as figure 3. 
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ewept sectione reached the  cr i t ical  speed ehuiltaneously a t  the design 
condition. The equation of the curve of weepback yaa derived by using 
the fol lar lng design pa-ters: C r i t i c a l  Mach nuder  of the  blade 
sectlane (Mcr = .0.80), propeller rotational speed (2,000 rpm), and design 
&vesce r a t i o  (J = 2.0). Sweepback was provided  outboard of the radial 
etation @ = 0.56) where the unswept section c r i t i ca l  Mach nmber vas 

reached a t  the deeign cmdition. The locue of the point8 of minlmm 
pressure for the sect.lons una 0rigbhll.y choeen t o  deflne the 8weephck 

applylng  the sweep' curve tomthe  locue of the sscti*on  centroids which i s  
grclctically  the  locus of points of minimum preesure for the sectians. 
The 2&.ial distributicm of the sweepback i s  &awn in figure 2. 

angle* The etress computations were simplified, however, by act- 

An arbitrary curve of sweepforuard was applied t o  the locue of the 
centroids of the  inboard  sections t o  offset c-letely, for  the  desiep 
condition,  the  large bending moment a t  the blade ahnnks caused by the 
centrifugal forces acting on the eweptback sectians. Althou@ the sweep- 
forward alleviated the  hi@ bending stresses due to the mepb8ck for the 
shanks and the inboard eecticms, ;hi& benMng stressee st i l l  d a t e d  on 
the outboard or eweptback section8 and were at the trailing edge 
of the  eection a t  the knee  of the blade. In order t o  relieve the  streeees 
at  .t;he knee, the chorde of the  eectiane were arbitrarily  increased so 
that  the v-alue of the d etress on the blade finally achieved was 
25,OOO pounda per square inch. The large chords neceesitated by structural 
coneideratiom required the uee of relatively bow values of deeign Uft . 
coefficient f o r  the blade eectione becauee  of the lFmited parer  available 
in ishe dpamometer. For the values of lift coefficient used, the lift- 
drag ratioe f o r  the  sections were relatively low and were faz from the 
optlmm values that could have  been used had the  parer  available been 
sufficient . 

The stresses in the upper and lower surflaces of the swept blade 
sections were e m t e d  by the method described in  Wference 8. This 
method resulted in the blades having a eIoall amount of dihedral. The 
lntroductlcm of dihedral i n to  the structure tended t o  change the eweep 
angles -slightly,  but by W u t i n g  the iPitial valuee of sweep angle it 
wae poseible t o  maintain the desi= valuee of sweep after the correct 
amount of dihedral was applied. 

The etrs i&t  blades were deeiepated NACA 
and XACA 10-(1.5)(062)-057 d e a i s  and in the 

figures of the  present-pper are noted as propellers I1 &d 111, reeFec- 
tively. Froan elementafy eweepback theory for wings it m e  determlned 
that the lift coefficients of the sectione on the  mept blades would be 
dlrectly pmportinnal t o  the  cosine.of  the sweep az@.e. 1% was neceesary 
therefore, in order t o  maintain the same loading on the swept blades and 
the straight blades, t o   a d j u t   t h e  values of the  section lift coektlcients 
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or  the  section chord lengths of the  sections on the straight blades. In 
the  case of the HACA 10- (1.7) (062)-051 blades the  section  design lift 
coefficients were the same as those for the swept blade but the chords 
were reduced from the values for the swept blades by the coeine law, 
while in the  case of the mAcA lG(1.5) (062)=057 blades the section chorda 
were the same as for  the sweptback blades and the  section design lift 
coefflcients were reduced by the coslne l a w .  In this way the design 
loading f o r  the  three  propellers was the same. 

i 

Scope of teets.- Thruet, torque, rotatiaaal speed, and wake pressure 
measurements were made for each of the  three  propellers st blade angles 
of 20°, 250, 30°, 35', h0, 45', WO, 55', and 643' a t  the 0.mR (&Sin&) 
etation. A constant rotational epeed was uaed for each test and a range 
of advance ratio waa cavered by changing the  tunnel  airspeed, whlch was 
varied from about 60 miles  per hour t o  460 milee per hour. 

In order t o  cmer a range of tip-Mach number, the tests were run 
at ro ta t icmd speeds of 1,140, 1,350, 1,600, 1,680, 1,800, 1,900, 2,000, - 
and 2,100 revolutions  per minute.  Because of the  limited  torque  available, 
however, hi@ rotational speeds were not run at  hi& blade angles and for 
th i s  reasan high t i p  speeds were obtained by operating the tunnel at cm- 
stant high values of airspeed and variable dynamometer rotational speeds. i 

The values of t i p  Mach number obtained in the tests cwered a range 
f'rm 0.55 t o  1.15. Table I ahm the prapeller  operational range cwered 
together with the numbers of the figures in Wch the  test  data are 
presented. 

Tares and aerodynamic data.- The spinner tare forcea and the pro- 
peller aerodynamic forces ='re determined as described in reference 7. 
The shape of the sweptback blades caused the diameter of the  sweptback 
propeller t o  change when the blades were turned i n  the  propeller hub. 
The propeller diameter vas 10 feet a t  the design blade angle of 45' and 
increased sa the blade angle was reduced, or decreased as the blade angle 
was increased, from the  design angle. The diameter of the eweptback 
propeller is  recorded i n '  table I f o r  each blade angb tested and is the 
diameter used in the  cangutstion of the  propeller aerodynamic coefficients 
for the eweptback propeller, 

.. - 

Wake pressure measurementa were made during the   tes ts   to  determine 
the thrust loading on the blades. The survey rake was placed 16.5 inches 4 

behind the  center line of the  propeller hub a t  an angle of 105' from a 
vertical  center =ne measured Fn a counterclockw5se direction when 10- 
downstream i n  the tunnel, as shown in figure 1. The relatively large 



distance of a e  rake downstream f’raan the propellel.-hub center Ilne wa8 
necessary in order for the  meptback-propeller t ip   to   c lear   the rake 
tubes a t  the hiwr blade  eagles. The rake consisted of 19 total-pressure 
tubes  located inside the sllpstream. No attempt was made t o  obtain 
torque data by slipstream measurements. 

Wind-tunnel interference.- All data presentea have been corrected 
t o  equivalent  free-air  conditions by the  applicatibn of the Glauerb 
tunnel-wan correcticm  (reference 9 ) .  The correction amounted t o  a 
change in the tunael Indicated  velocity of 2 gercent a t  low tunnel speeda 
and was negligible at  high speeds. 

The aerodynamic data obtained during the tests are presented in 
figures 4 t o  36 as faired &e of thruet coefficient, power coefficient, 
prapeller  efficiency,  air-etream Mach nuDiber, and hellcal  t i p  Ma& Ilupiber 
plotted  against propeller a w e  ra t io .  Discontinuities in the Mach 
number curve8 are caused by changes in the t-1 tpmnemture which 
occurred Frcan day t o  by. 

Envelope efficiency.- A comrpebrison of the envelope efficiency for 
the  three  pragellera i s  presented in figure 37 fo r  each test rotational 

5. speed. In general, the three propeller  curve^ have a high level of 
efficiency and show a  difference between tha three prapellera of less 
than about 2$ percent mer most of the range. The  swept prapeller has 
a lover level of efficiency a t  the lower values of r o t a t i d  speed than 
the straight blades and a higber  level of efficiency a t  the h i e e r  rota- 
ti& speeds. Of tihe two stredat prapellers, the wider blade propeller 
with the lower values of aectian  design lift coefficient waa generaUy 
lese efficient at  all rotatianal apeeda than the parrawer str8-t 
propeller. 

As structural  cansideratio&  required a Large blade width f o r  the 
swept propeller,  relatively low values of section design lift coefficient 
were required because of the  limited power and rotational speed of the 
dgnamometer. As a reeult of this consideration, the section lift-drag 
ra t ios  and coneeguently the  efficiencies were lower than the maxhuuu 
attainable. The efficiency of the straight propellers was also lowered 
by this consideration aa these  propellers were closely  related t o  the 
swept propeller  for  the purpose of carmparlscm of perfornaaace. 

Effect of conrpressibility op e efficiency.- By plotting the 
envelope curves of figure 37 againet the  propeller helical t i p  Mach number 
another envelope can be  drawn mer  the o r i g l m l  envelope curves as shown 



in figure 38 for  the  three  subject  prqpellers. P lo t s  of t h i s  kind afford 
a comparison of the mmxlmm efficiency  obtainable with the  respective 
propellers over a speed range. A coqarlson of the  envelop is made in 
f l g ~ ~  39. 

Mgure 39 share that at subcritical  values of Mach mber the swept 
propeller is sli@tly  less  efficient than either of the straight propellers. 
The hi@e+cambered, narrow, s tmia t  propel ler is  the moat sfflcient in 
the low speed range with the swept propeller about 1 percent less efficient 
end .the lmzwx%mber, straight propeller about 1/2 percent less  efficient 
a t  a  helical t i p  Mach number of about 0.75. A t  a  helical   t ip Mach number 
of 0.93 the  three  propellers  attained  the same v d u e s  of efficiency. 

A t  helical t i p  Mach numbers j u s t  above  0.95 the ewept propeller 
sustained a gradml loes in i t 8  Subcritical  level of efficiency W l e  the 
straight  propellers  suffered  appreciably  greater  losses. A t  a helical 
t i p  Mach number of 1.10,  hawever, the slopes of the  three  efficiency 
curves are about the same, the swept' propeller being about % percent 
more efficient than the  etralght  propellere. The two straiat propellere 
have  about the eame value of efflciency at hel ica l   t ip  Mach nunibers 
abwe 0.95. It thus appear6 that sveepback offers s a e  delay in  the adverse 
effects of compressibility. c 

Results of t e s t e  of en WCA 10- (3) (062)-04% propeller (reference. 10) 
are also SIIOWP tn figure 39.  The HACA 10-( 3) (062)-045~ prupeller had the 
same thlckrtess-chord ratio a s  the  three  propellers of the  preeent program 
a t  the design rad ius  but was namower, which allowed the use of a design 
lif't coefficient of 0.30. AB a &el* lift coefficient of 0.30 is closer 
t o  the optimum f o r  lift-drag r a t i o  for 16-series  sections,  higher 
efficiencies then that of the  three related propellers were obtained at 
low t i p  speeds a s  shown by flgure 39. This propeller is just a0 e f fk i en t  
as  the swept propeller in the range of t i p  Mach number beyond 0.95. 

i 

It seems clear, however, that a' swept propeller could be made t o  
have greater  efficiency than the HACA 10- (3) (062)-045A propeller at t i p  
Mach numbers above 0.95 at about equal power if the diameter were reduced 
t o  permit use of more nearly  ideal  blade-sect~--camber. Such a pmcedtm 
could not be used for these  tests, however, because of the  limitation in 
rotational speed of the dynamometer. It thus appears that careful atten- 
tion should be given t o  the  specifled design o p e r a t a  condition6 if any 
advantage I s  t o  be gained by using a swept propeller in l ieu of'" -st;.rai&t 
propeller. 

A clear indication of @e. .de-lay in comgressibility loss due-h 
back IS giVenltypi5Ji~f:.- efftcIency-a&inst, 31 n m r  f o r  
8 s  values of blade-angle eetting  as shown i n  '.fib 
that the  largeet delay wea obtalhed when the blades were ee t   a t  the deeign 
value of 45O, the amount of delay in the  onset of canrpressibility  losees 

"-.-".-/ . - - . .'. _ _  - ._. 
- I - ; _  L .. - _ _ _  - . . k It l a  wident 

c 

. .  

i 

i 

.. . . 
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I Wnishing as  the blade mgle wes Increased  or  decreased fram the design 
V a l u e .  

For the desiepl blade  angle (45O) the t i p  Mach mber f o r  the  effi- 
ciency break for  the swept propeller was about 6 percent h i e e r  than the 
value f o r  the straiat propeller. This increaee is only about 30 percent 
of that predicted by the simple sweep theory and is  of the order of msgni- 
tude of results of propeller tests  reported in reference 5. Di8crepancles 
between the simple theory an8 experimental msults have also been observed 
in the  case of w, althoue not of such large magnitude. Sane of the 
lack of agreement  between the  theory and experiment in the  propeller tests 
i s  probably due t o  the rsdial flow of the boundary layer,  a radial Mach 
n-er gradlent, and the effects of the prqpelle-tip  reuef. 8-ll these 
f k t o r s  affect  the  blade  eection aerodynamic chamcterietice and are not 
accounted for in the simple theory. 

Effect of sweep on power coefficient. - The curves of figures 39 and 
40 illustrate the  effects of sweep on ~ ~ J H U I I  efficiency only and do not 
meet the design conditione of equal power absorption of the three  pro- 
pellers. The diffekences in power  of the three propellers are ahovn in 
figures 41 and 42. Hgure 41 ehm the varisticm of pwer coefficient 
w i t h  he l ica l   t ip  Mach number for  the three  propellers when operating at  
the design values of blade-angle setting and adxance ratio. It is &om 
in figure 41 that the mept propeller absorb6 considerably lese .power 
than do the straight propellere. -8 occ-ce is  probably 
&used by tne ~enaency or me &ept blades t o  turn i n t o  the plane of 
rotation due t o  centri- forcee  acting on the  wept sections and thus 
causing the swept blades t o  operate at  lower blade angles. Thou@ most 
of the moments occurring in  the swept blades have been e l . t t e d   f o r  
the design cmdl t im  of operation in the design of the blades, the moment 
about the pitch-change axis cannot be reduced below a minimum value Tihich 
is  fairly  great in comparison with the "t about the pltch-chmge 8x5s 
of an upswept propeller  (reference 8 ) .  midence of the large maguitude 
of this torsional mrrmwt was observed during the testing of the blades 
 hen specid  precautfansl were read- t o  keep the swept blades f r ~ m  
turnFng in the propeller hub t o  a lower value of blade angle than that 
set for  the  test. 

The data of figures 4 t o  36 indicate that a wft; in the d u e  of 
actvance r a t i o  fo r  zero -st occure due t o  sweep. ~igure  43 shows that, 
as  the  blade angle is  increased, that ie ,  as the ewept  portion^ of the 
propeller blades are turned  farther fram the p7nnp  of rotaticm,  the 
differences In the value of m c e  ra t io  f o r  zero thrust between the 
ewept blade and the straight blade becarme greater. Also, st any given 



10 

blade -e,. the difference becanes greater with incz-e~eing  rotational 
speed.  These facts indicate that appreciable  torsional  deflecticm of . 

the swept bladee occur6 in 8 direction so as t o  reduce the aerodynamic 
load ( p m r  coefficient) of the swept propeller  relative  to  the straiept 
propellers. 

All of the  differences-in power absorption shown in flgure 41 may not 
be  due to  deflection of the ewept blades ae indicated in figure 42 where 
power coefficient at maximum efficiency fo r  the three  propellers is plotted 
against  helical  tip Mach number f o r  the design blade-angle setting 
(BO. W R  = 450). ~igure 42 ~hm that when operating a t  m~dmrlm efficiency 
the swept propeller absorbs lees power than the  straight  propehers. 

. 

When operating a t  the desi@ coplition  (fig, 41) the swept propeller 
attained anly 50 percent of the deeign p m r  coefficient due t o  emdynamic 
losses and blade deflectione, while the straight blades absorbed cloee t o  
100 percent of the design power. Both the mall delay in the adveree 
effects of compressibility and the f a i lu re  t o   a t t a in  the design value of 
p m r  coefficient  indicate that the eimple cosine relation used for pre- 
dieting the effect of meep is  not c-letely adequate. 

. .  

To obtain comparable powerdbsorption  properties with the etmight 
blades, the  section design lift coefficients o r  the diameter of the swept 
propeller ahould be increaeed. An increase of the sectioqdesign Uft 
coefficient would be the  advisable  alternative  since 8 higher design lift 
coefficient would r e s u l t  in better values of section liftrdrag ra t io .  Z 

Conatant-power propeller  operation.- Because the ewept and straight 
propellers absorbed different SmOllzLts of power  when operating a t  the 
same canditiona of a&ance ratio,.blade-angle  Betting, and rotational 
speed, the  efficiencies of the  three  propellers  are campared f o r  given 
d u e s  of power coefficient in flgure 44. ~ r o m  =gum 44 it is readily 
Been that the w e  of sweep in the present deeigu did not imprave the 
efficiency i n  the  high speed res* by any significant amount except a t  
a power coefficient of 0.05 at the highest t i p  speeds. In most cases 
the swept prapeller i s  Inferior  to one of the etraight propellers. 

O f  the t w o .  straight prapellers,  the lowexwxaibered prapeller is the 
least  efficient in the higher range of propeller  rotational meeds. In 
the lower range of rotational speeds the  emciencies of the straight 
prupellers are within 1 percent t o  2 percent of one another. 

Effect of sweep on propeller-blade loading.- Wake pressure measure- 
ments were made simultaneously  with the  force measurements during the 
preeent tes ts  t o  obtain  information on the effect of sweep on the  propeller- i 

blade lodlng.  The position of the survey  rake  during the tes ts  wae such 
that accurate  values of absolute thrust were not obtained, bu t  any com- 
parison of loadings along  the  blades will give  accurate  differences in the J 
values of elemental W e t .  
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!4 Comgarison of the -st 1-8 are presented ~n figure 45 f o r  
several values of propelleptip Mach number f o r  a given value of propeller 
parer coefficient a t  the design  blade  angle. The loading on the inboard 
sections of the swept propeller i s  higher than that of the stralat  pro- 
pellers through the  entire speed range tested.  Since the swept propeller 
absorbs less  parer at  a given value of advance ratio,  It I s  neceseaq t o  
operate  the swept propeller at  a lower value of advance ratio t o  a t ta in  a 
given value of power coefficient at a given m a n g l e  setting. The 
luwer values of  advance rat io  .and  cansequently the  higher  values of sec- 
t i cn  geometric angles of attack cn the unewept inboard sectiom (any sweep 
of less then loo can be coneldered haignificant) catme the inboard sec- 
tione t o  produce higher loctdings. The hi&er thrust loadings for  the 
swept propeller in figure 45 are due t o  the  differences in the value of 
aitvance rat io  f o r  the strai&t and s h p t  prqpeners. 

A t  values of t i p  Mach number above 0.95 the swept propeller maintaine 
its low-speed loaUng on the outboard sections while the itralght pro- 
pellers  suffer  c&ressibllity  losses on the outboard sections.  A.glance ' 

back a t  flgure 44 shows that at values of rotational speed close t o  those 
, of flgure 45 the  efficiency of the swept propeller is very l i t t l e  i f  any 

h i a e r  than that of the straight gropeller when the propeuRre are corn- 

therefore  evident that sweepback can be utilized t o  delay the onset of 
adverse compressibility  effects of propeller  secticole.but that careful 

performance is not t o  be impaired. 

- paked a t  equal  values of advance r a t i o  and power coefficient. S t  is  

f anctlysis and design procedure are essential i f  the over..all propeller 

General remarks.- The results of the  present  investigation dmw 
that the swept propeller offers roaynamic a ~ ~ t a & . - ~ e g L a  . e u r t n e m r  cteslgn and fabrication camplica- 

a swept propeller are considered, any advantane for 
the swept propeller appears even smaller. some of &e factors t o - b  cm- 
sidered in  determining the  relative merits of  swept propellers a h  straight 
propellers include the poss ib i l i ty  of increased weight of the swept blades, 
larger pitch-change mechanism t o  counteract the hrger t u i e t ~ n g  maments 
of the blades, the  presence of unavoidable high stresses which require 
high-strength alloys, and the difficulty of manufacture. In addition, 
for  a given'propeller  installation,  the  higher  stresses encountered ln 
a swept propeller blade w l l l  require  thicker  sections than would be 
requlred by an unswept blade design with the  result that my advantage 
achieved by the  use of meep is partly  nullified by the requirement of 
relatively  thick blade sectione. 

" -  

In general the results of the  present  investigation show i&at a 
strsi&t-blade  propeller with i ts  relative ease of &sign and manufacture 
should be carefully considered  before being discarded In favor of a swept 
propeller. 
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Tests in the Langley 16-foot high-epeed tunnel a t  forward Mach numbers 
up t o  0.65 of the W A  lo-( 1.7) (062)-057-27 megt propeller and two related 
straiat propellers  lead t o  the following  collclusians: 

1. The value of hel ical   t ip  Mach number at  which the advefee effects 
of caapressibility an prqpeller  efficiency becane appreciable for the awept 
propeller was 6 percent  higher than f o r  a related straiat propeller; 
t h i a  &percent delay was only 30 percent of that predicted by simple 
sweep theory. 

2. When operating a t  the  design  cmdltion,  the power absorbed by the 
swept propeller was only 50 percent of the design power coefficient while 
the straight-blade  propeller absorbed close t o  100 percent of the power 
coefficient for which the  propeller WRB designed. 

3. A t  equal  values of pawer coefficient the swept propeller was no 
more efficient than the straight propellers except at 8 low value of 
paser  coefficient at values of hel ical   t ip  Bfach number  above 1.0. 

4. Total-pressure e m e y s  in the propeller slipstream indicate that 
at supercritical  eection apeeda Waicb result in tOtal-pre8Sufe loeses for 
the  sections of conventional strai@t-blade  propellers,  the outboard 
sectlane of the swept propeller  operate with subcritical  effectiveness. 

Langley Aemnautlcal  Laboratory 
H a t i o n a l  Adoisory Ccmmaittee for Aeronautics 

Laugley Field, Vs. 
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(b) Power coefficient. 
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Figure 26.- continued. u40 rp. 
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(b) Power coefficient. 

Figure 32.- Continued. 2ooo T. 
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Figure 43.- Effect of rotational ~peed end blade-angle setting on 
difference in adxance ratio for Ct.3 0 between  swept and 
straight propellers. b 
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Bfgure  44. - CompariBon of efficiency at given values of power coefficient 
for ewept and unswept pcqellere. 
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Figure 44.- Continued. 
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Figure 44.- Continued. 



. 

1 

. 

1.0 . 14 1.8 2.2 26 30 . 34 3.8 
Advance rotio, J 

(e) CP = 0.25 and Cp = 0.30. 

Figure 44.- Concluded. 
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Figure 45. - Effect of helical tip Mach nmber on blade thrust loading 
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